Advances in metagenomic sequencing and bioinformatics have vastly expanded our knowledge of microbial phylogenetic and functional diversity. In this issue, Dudek et al. show that shotgun metagenomic sequencing of a less-well-studied environment -dolphin gums -uncovers surprising novelty in the bacterial tree of life, underscoring the promise of future discovery.
When thinking of biodiversity, certain locales quickly come to mind: the Amazon rain forest, the deep ocean, or the plains of the Serengeti. At the microbial scale, an Amazon's worth of diversity is regularly found in a myriad of sometimes surprising habitats-for example, in near-boiling hot springs [1] , your showerhead [2] , kilometers underground [3] , or even in the human belly button [4] . However, some habitats have been especially revealing, both in terms of the total amount of biodiversity present and in the degree of novel diversity that characterization of these environments has revealed. For instance, probing microbial diversity in the hypersaline microbial mats of Guerrero Negro just over a decade ago led to the discovery of 15 novel candidate phyla [5] . Dudek et al. [6] now add to this list of unusual habitats of high diversity, with a genome-enabled survey of a place few would have thought to look-the gums of a dolphin. In doing so, they produced a plethora of novel genomes, including many from bacterial candidate phyla (deep branching lineages that lack cultured isolates). This work significantly expands our knowledge of the phylogenetic and metabolic diversity of a large part of the bacterial tree of life and fleshes out our understanding of these poorly understood lineages in a hostassociated community.
With the introduction of methods to amplify and sequence ribosomal small subunit (16S) RNA genes to explore microbial communities in situ, studies of microbial ecology and biodiversity underwent a molecular revolution, during which known microbial phylogenetic diversity exploded [7] . However, novel lineages known only from 16S rRNAtargeted sequencing lack genomic representatives, such that their potential functional significance cannot be predicted. Additionally, over time it has become apparent that 16S rRNA genebased studies are hindered by the lack of truly 'universal' PCR primers [8] . Because primers are designed based on known database sequences, there is an inherent risk that we are missing unknown biological diversity with such an approach [9, 10] . In recent years, advances in DNAsequencing technology and bioinformatics have enabled a second molecular revolution in microbial ecology, this time leveraging shotgun metagenomics and genome assembly. Genome-centric metagenomics methods that circumvent 16S rRNA-sequencing bias have led to the discovery of vast swaths of previously hidden microbial phylogenetic and, notably, functional diversity. For example, repeated deep metagenomic sequencing at a single subsurface aquifer has revealed dozens of new phyla, including those in the bacterial Candidate Phyla Radiation (CPR), a phylogenetically diverse branch of the bacterial tree of life comprised of numerous uncultivated phyla, and those in similar radiations among the archaea [9, 11] .
However, compared to the extent of 16S rRNA-gene-amplicon sampling, genomecentric metagenomic methods have not yet been as broadly employed, and much of this phylogenetic and functional novelty has been described from a relatively small subset of environments [12] . Just revisiting existing metagenomic sequencing datasets from microbial populations in public databases with state-of-the-field methods uncovered thousands of new genomes and novel lineages [13] . It is clear that the gap between sampling breadth of 16S rRNA-gene sequencing and metagenomics likely hides a wealth of undiscovered phylogenetic and functional diversity.
Dudek et al. [6] do their part to fill this gap with a metagenomic exploration of microbial communities found in the dolphin oral cavity. A previous 16S rRNA-amplicon census of marine-mammal microbiomes identified an unexpectedly high number of representatives from bacterial candidate phyla in the dolphin oral cavity [14] . Dudek et al. [6] revisited two of their samples to provide complementary genomic sampling. Using shotgun metagenomic assembly and binning, they reconstructed multiple draft bacterial genomes, including the first animal-associated genomes from several previously described candidate lineages, including CPR phyla. Furthermore, the authors also describe two completely new phylum-level lineages, Candidatus Fertabacteria, a member of the CPR, and Candidatus Delphibacteria, in the FibrobacteresChlorobi-Bacteroidetes superphylum. Ca. Fertabacteria was likely not discovered as a new phylum in the initial amplicon-based survey because of severe underrepresentation due to mismatches in the PCR primers used. Ca Delphibacteria 16S rRNA sequences were actually broadly distributed across the original surveyed dolphin population, but misclassified as part of another phylum. Using concatenated protein trees from the metagenomic data together with 16S rRNA gene sequences helped to establish this group as a new phylum. Furthermore, the genomic information enabled inference of the metabolic potential encoded in the Ca.
Delphibacteria; for example, among other things, supporting a capacity for denitrification. Unlike the Ca. Delphibacteria, whose presence was predicted based on the earlier amplicon survey, Dudek et al. [6] also assembled five Saccharibacteria (TM7) genome bins unidentified by the 16S rRNA-gene sequencing. This more than doubles the number of mammal-associated CPR Saccharibacteria genomes.
While phylogeny can be predictive of conserved function [15] , functional potential can be present where it is not expected, and even phylogenetically expanded sequencing of characterized bacterial isolates markedly increased known protein-family diversity [16] . Such results clearly hint at what remains to be uncovered within candidate phyla. Despite the phylogenetic breadth contained within the CPR superphylum, these bacteria have been predicted to broadly share several characteristics, including reduced genome size and anaerobic, auxotrophic, symbiotic lifestyles [9] . However, recent sampling from a second groundwater system identified metabolic features previously unobserved within the CPR [17] , and even with this additional sampling, much of what we know about the CPR still derives from a single environment type [12] . With the addition from this study of Ca. Fertabacteria and Saccharibacteria genomic representatives from hostassociated environments, it becomes increasingly possible to test evolutionary hypotheses regarding the conservation of these suggested core CPR traits across both phylogeny and environment.
For example, Saccharibacteria are found in the human oral cavity as epibionts of Actinomyces odontolyticus (phylum Actinobacteria); this has potential implications for oral health as Saccharibacteria associate with human inflammatory mucosal disease but also appear to suppress the induction of innate immunity by A. odontolyticus [18] . Interestingly, the dominant assembled genome in these dolphin oral metagenome samples was an Actinobacterium, which was nearly undetected in the 16S rRNA amplicon study. Although the potential interactions among members of these two phyla in the dolphin oral cavity were not explored, these findings open the door to further study, to understand if Saccharibacteria from marine mammals share the epibiotic lifestyle observed for those in human systems. Additionally, within two of five Saccharibacteria genomes, Dudek et al. [6] found type II CRISPR-Cas systems, previously found in less than 2% of CPR genomes [19] . With reanalysis of publicly available genomes, the authors find that type II CRISPR-Cas systems actually comprise up to 52% of all CRISPR systems in oral microbiomes, higher than typically observed in non-hostassociated systems. Thus, the higher proportion of type II systems in these Saccharibacteria, though seeming anomalous compared to other CPR sampled only from the subsurface, is in good agreement with data from other mammalian oral environments. These findings exemplify the need for additional metagenomic sampling of candidate phyla from a broad variety of environments, as has been done already with 16S rRNA gene sequencing.
The findings in Dudek et al. [6] support the idea that expanding both how we look and where we look can pay off in improving our view of microbial phylogenetic and functional diversity. This untapped wealth awaits us not only in the field, but behind uncounted freezer doors. Guided by 16S rRNA amplicon sequencing, we can revisit broad surveys from a variety of environments. Such directed sequencing targeting the known unknowns identified by 16S rRNA amplicon sequencing has been used to expand the genomic catalog using singlecell sequencing methods [20] . With the increasing sophistication of genome assembly and binning tools, and the decreasing cost of DNA sequencing, we should not only target phylogenetic gaps, but also gaps in sampling of environments. As Dudek et al. [6] show, what we predict to find may only be the beginning of what we actually uncover.
Biased, or non-Mendelian, segregation is frequently observed but not well understood. Two recent studies on a specific type of biased segregation in mammalian meiosis suggest that it arises from centromeric satellite expansion and asymmetric modification of microtubules in the oocyte spindle.
Life is a game and every player is cheating
-from The Winter Palace, by Eva Stachniak
In 1957, Sandler and Novitski proposed the concept of 'meiotic drive' to explain biased inheritance of specific alleles in Drosophila species, corn, and mice [1] .
In subsequent years, a number of mechanisms by which loci bias their transmission into the next generation have been described, most of which act after completion of meiosis (for a fascinating example reported recently, see [2] ). In 2001, Pardo-Manuel de Villena and Sapienza pointed out that the asymmetry of female meiosis (where only one of four meiotic products becomes the egg) and variations in centromere number/structure constitute a perfect scenario to drive preferential segregation during meiosis [3, 4] . Malik and Henikoff extended this notion by proposing the 'centromere drive' hypothesis, in which centromeric DNA repeats rapidly evolve
